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English rainfall was chosen for examinat,ion because, 
(0,) the records are much longer t,lian those of the Unit.ec1 
Stntes, ( b )  preliniinary st,udies liiid indkated t,lie possi- 
bilit,y of definite posit,ive result,s by cycle analysis. 

In  1929 t,he writer was sent t,o England as fellow of tlic 
John Simon Guggenhe.im hiemorid Foundnt,ion bo gat,lier 
mid t.0 nnalyze rainfall records of t,liat c,ountry. Through 
the courtesy and cooperation of offici& of t,he British 
Meteorologicd Service he gathered from t'he inmuscript 
records of the Rainfall Office ti. c,ontinuous record of tdie 
203 years 1727-1929. In  c,lioosing records, t,he length of 
record and all notes regarding t'he manner in which i t  w n s  
kept were considered. Dr. Brooks and Dr. Glasspoole 
from their familiarity with tlie subject guve him very 
much valuable informtition that improved the result,s 
greatly. A desk in the office WRS given t,o t,he writ,er 
during tlie weeks spent in copying and ench one wit,li 
whom he came in cont:i.ct seemed t,o strive to nin.ke, him 
feel welcome. 

The detailed records of the individunl st,n tions would 
be too long to publish here. Table 1 esliibit,s t,he sbations 
used and the years for which monthly totds  were nvnila- 
ble. Edinburgh in sout,lieast.ern Scoblancl WHS included 
with the English stsations because of it,s extremely long 
rec.ord. 

In  t,he case of each station the mean value of the record 
w1.s secured for each month and frorn these means R. 
t,ti,hle of percentages of normitl was formed. Such :i 
procedure w e i g h  stations equally for the years used. 
From t,hese percentitges a combined tnble was nin.de of 
quarter yearly values, t,nble 2. These are given grnplii- 
ciilly as figure I. In  it, t,he first quarter of ti, given 37ecir 
begins with December of tlie preceding. year. Such 
q uarters ma t.ch bet. ter with t.lie ttst,ronom1cd, me teoro- 
logical and a.gricultura1 quurt,ers tlinn do those of blie 
cil.lendar. 

Any long period vnriations of length much more t,linn 
20 or 30 p a r s  will be part,ly dmiped for the record of the 
eighteenth cent8ury because of t,he necessa.ry inclusion of 
records 2s short as 13 years. No such drtmping exists for 
the ninet,eenth and twentieth centuries. It is iniportnnt 
t,o stmss this because of n e g d v e  evidence regitrdilig long 
swings such its the Bruckner cycle. 

Wherever notes showed a. significant, change in the 
esposure of t8he gage, means were t,ttken for t,he sepa.rii.te 
exposures. In  this connec,tion i t  is interesting to note 
that at  Exeter the same gage appnrently has been used 
on t,he top of A wall throughout the whole record. Such 
an exposure is not the stnncltlrd one but a uniformity is 
secured tha.t is invaluable in this type of work. I t  is 
hoped that if a change ever is nec.ess:iry several years of 
overlapping records of new nnd of old exposures will be 
made. Although the record was not used here, it seems 
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well to call attention to the worlr of Dr. Knos-SI1:iw :it 
R:idclifl'e Observatory in the hope that his procedure niny 
he copied by others. The Observatory rainfall record w:is 
fiist taken in a roof gnge but for ninny years since then in 
ti  more stmclard esposure. A few yems azo the old roof 
pige w i s  put back into operzition in order thnt the over- 
lnppinq yeiirs may be used to give ti homogeneous record. 
At other stations it probably would be possible to dupli- 
cate such work and to improve the records very much. 

Before coniputing the periodogrnm the writer niacle tin 
investigntion of the permiinence of the iinnunl cycle in 
England :id found it  subject to large systematic vnrin- 
tions. ( l a )  These varititions in the type of the nnnu:il 
rninfall :ire much too large to he accidentd and raised 
the question whether i t  could be possible for cycles to 
exist continuously throughout the record. Any cycle 
clisting might plausibly depend upon whatever causes 
determined the type of the snnual railiftill and might 
cease to exist when the type chmged. Many negative 
results of this paper cantribute to this viewpoint and 
inclicitte the necessity of further extended study. 

The correln tion periodogram niet hod need only be 
outlined very briefly. 

Given dnta s,, .r2 - _ - _  dun with .ri representing any 
dntum. Assume the time iritervslls between .rI niicl x i + ,  
to be equnl. Each d:ituni x i  is matched with the tlntom 
1 intervnls later. 1 is tlesigniited the lag. 

1 
url= ---- >I- 

T'iilues of 1 are pld,ted as nbscissae and of r, or of 
I ' I  
- as ordinixtes. The height of the ordinate gives :I 
ut1 
measure of the probability of n periodicity or cycle of 
length 1. 

The periodogram wiis computed for till values of 1 
from 1 to 352, table 3. 

If long cycles, say 10 yenrs or longer, e is ted in tlie dntn 
with large amplitude, or if there existed t i  secular trend 
to tlie dnta, the periodogram should show a t  first, con- 
sistently, large positive ordiniites, gradually becoming 
negative and perhaps agttin positive. The majority of 
the first ordinates tire positive, but in no case tire they 
large. The writer is forced to the conclusion that the 
Bruckner cycle does not exist in these d:it:t. There are 
successions of dry years and of wet yenrs hut the time 
varhtion of the swings is too greiit to give tfieiii the term 
cycle. 

This is shown by figure 3. 
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27 .............................. ............................. 
37 .............................. .............................. 

124 ............................. ............................. 
............................. 75 .............................. 

In  the correlation periodogram a peak is repeated a t  
1, 21, 31, etc. if a periodicity of length 1 exists in the data. 
Therefore if several periodicities exist, there niust be 
unusually high peaks wherever we have approximate 
least common multiples. Conversely, interference may 
suppress certain peaks. The following are the values 
from the periodogram for which is greater than plus 
two. 

r 
m 1 

Lag I Ratio 11 Lag Ratio I-- 
+ 2 . 5 i  
+3.06 

+2.3: 
f 2 . w  

must become negntive .and for still greater lags, hap- 
hazard. These correlations can never be large because 
the majority of the peaks of a periodogram will usually 
be accidental. The lag for which these correlations 
become negative is a function of t,he length of the cycles 
involved and of their percentage change in length. 

The first 192 products of each lag of the period0 rain 
were added separately from the remaining pro f ucts 

Larger negative ratios are found. Such also could have 
physical significance. 

A study of the larger ratios found shows that there are 
but few more found than one would expect through acci- 

FIGURE Ib. 

to give two periodogrnms, table 3, which are inde- 
pendent, despite some duplication of data. Up to a 
lag of approximately 150 the correlation between the 
periodogranis is rather consistently positive with the 
sum of positive products about twice as large as of 
negative. Froin here, till near the end, the reverse is 
true. This eviclence strongly favors the existence of 
a plurality of short cycles. The rather large lag a t  
which the re\-ersal of the correlation takes place indi- 

FIGURE la. 

dent. The increase is scarcely significant. Further 
evidence will be developed later with respect to the 37-75 
peaks, but otherwise the result from this viewpoint must 
be considered as negative. 

There are several possible causes of such negative 
results: 

(a)  The data may contain no cycles. 
( h )  There may be short cycles which vary in length 

sufficiently that they will show no peak a t  a lag of 
ml if m is a fairly large integer. For esample, if there 
were, say, a half dozen cycles of length between 1 and 
3 years and if each vaned in legnth by as little as 5 
percent of its mean during the 203 years of the data, 
nothing would be found for long lags and but little for 

~~ 

short lags. 
(c) Short cycles may exist for 25 or 50 years and then 

become inactive. 
(d) Short cycles may exist which are subject to abrupt, 

discontinuities of phase such as Professor Turner sug- 
gested for sunspots. 

The third of these possibilities must be studied further. 
For perhaps insufficient reasons, the writer does not 
favor the fourt,h. The first two hypotheses may be 
studied together. 

If ( b )  should be true, it follows that, if we’ divide 
the data to form two independent periodograms, there 
must, for small lags, be a low positive correlation be- 
tween them. For great enough lags this c.orrelation 

FIGURE IC. 

cates that the percentage variation in length is quite 
small. 

In  1922 the writer published ( l b )  an investigat,ion 
of rainfall data from many parts of the world which 
seemed to show quite definitely that there does esist, 
in numerous places, a rainfall cycle whose phase varies 
with sunspot phase instead of time and with a length 
of one ninth the sunspot cycle. The adjustment to 
sunspot phase by his tables can be carried back only 
to the year 1860. Monthly values from these data 
were examined by means of the tables of that paper to 
study the possibdity of existence of this short cycle in 
them. The values for this cycle for the halves of the 
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data 1860-1929 are superposed in figure 3. 
relation between them is r = + 0.51. 

The cor- 
This value, in con- 

FIGURE Id. 

junction with the evidence of the independent periodo- 
grams and that from the 1922 pn.per, may he regnrded 
as confirming the existence here of this short variable 

FIGURE le. 

cycle. The shape of the curve shows thnt it itself is 
merely a complex of its harmonies. 

When the independent periodograms were exnmined, it 
was found that the peak a t  lag 27 was not consistent 

years of data were divided into six sections and each 
tabulated separately for a 37% quarter cycle. Ench of 
these sis curves w-as then matched to give the best fit 

FIGURE 28. 

with the mean of all. The number of quarters by which 
it was necessary to shift 8 curve to match it best with the 
inenn curve, gives a memure of its variation in length 

LAG 

FIGURE 2h. 

between t,hese sections of the data if the hypothesis of its 
real esistence be true. These variations expressed as 
percentages of the mean length are shown in figure 4. On 
them are superposed the percentnge varint,ions for the 
sun-sDot numbers for the same intervals. The resemblnnce 

FIGVBE If. FIGURE ?c. 

through the data, and, therefore, is presumably accidental. 
However, thnt a t  37 and its double n t  75 are consistent 
and warrant further study. For this purpose the 203 

of one other cycle which varies in a similar manner, this 
one must be regarded as probably real. It probably is not 
entirely independent of the shorter one. 
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SUIIMART OF RESULTS 

((7) Long cycles do not exist in these datn . 
i b )  Strictly periodic ternis clo not exist . 
( c )  At least one and pro1)ably more cycles clo exist 

H hicli vary their phase in step 11 it11 the sun-spot numbers . 
(d )  Nothing has been developed to give long-rnnge pre- 

dictions of nny coninwrcinl value . 
(e) Several facts indicate the rnlue of n further extended 

study of the clntn . 
The writer wisheq to ncknoa ledge gmnts froiii the 

Research Coiiinii of the Graduate School of the 
University of I<nnsns by which the ninjority of tlie coni- 
puting \I RS carried out partly under tlie direction of 
Director L . J . Comrie of the British Nautical Alninnac 
Office and pnrtly by Rliss Sylvia Burd of the University 
of  Knnsns . He \t i h e s  also to thnnk the John Siiiion 
(i riggenheim Rlcmoi*ii~l Foundntioii for the entire freedoiii 
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they granted hiin in carrying out the study nnd for their 
pntience wit81i him through several penis of tle1:L;yed piih- 
licntion . 

1 . ALTER. D i N s v o n s  . 
I . i TE R A T 1; RE C I TED 

( I t )  Peciiliarit? in  the\  nristio!loftli~trilirlti~inof tlie nnnllal rain- 
fall . Met . bine . v01.64, n~r.'itiB,h'uveml,rr 1929.p~ . 234-5 . 

( I .  ) A rainfall period wjr!al to  (Jlle iiiiitli the sun-qpot 1v.rird . 
IiaiisRh Uiiivt. ryity Scicncc ljiille?in. kt.1 . XIII .  110 . 11. 
July 1922, 1)p . 17-99 . 
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TABLE l.--Dnla irsed 

I79 fi ............ 

l i Y S  ............ ' M i  
1799 ............ 86 
1SOI) ............ i 6  
IS01 ............ 91 
1802 ........... 106 
1803 ............ X i  
18W ............ 113 
1805 ............ 93 
1806. ........... 121 
BO7 ............ 103 
1808 ............ 79 
1800 ............ 120 
1810 ............ 58 
IS11 ............ 339 
1812 ............ 111 
1813 ............ 79 
1814. ........... $2 
1 5 1 5 ~  ........... v3 
IS1 6 ........... 101 
IS17 ............ 106 
1618 ........... 130 
181Y ............ I34 
1820 ............ M 
1x21 ............ 66 
l8?L. ........... 115 
1R23 ............ 120 
1x24 ............ 93 
IS'S ............ 102 
1528 ............ 87 
IS27 ........... i s  
Is% ............ 135 
IS-% ............ 88 
18SO ............ 79 
1 8 3  ........... 102 
1832 ........... 6.5 
IS33 ............ 126 
1834 ............ 133 
183s ............ 88 
1x36 ............ 84 
1'337 ............ 113 
IHSS ............ 83 
1839 ............ 80 
1840 ............ 116 
18-41 ............ i 9  
1842 ............ 97 
1843 ............ 90 
I844 ............ i9 
1845 ............ 6. I 
1446 ............ 103 
1x47 ............ 62 
I84M ............ 147 
1849 ............ 102 
IS50 ............ !IS 
1851 ............ x i  
1852 ............ 102 
1853 ............ 123 
1654 ............ Wi 
18% ............ 62 

1857 ............ X6 
1858 ............ 46 
1S59 ............ HO 
1860 ............ YR 
l8sl ............ Y i  
1862 ............ 69 
I863 ............ (11 
1864 ............ 76 

1797 ............ 1 % 

1856 ............ go 

Soiith\vicli ............................... 1727 I -1739 IV 
Pl~Ix1c~\It, 11 ................................ 1737 I -1758 IV 
Lgndon ................................. 1736 111-1798 IV 
Norwich ................................. 1750 I -1762 I\' 
C'nrlisle .................................. 1757 I -1783 IV 
Peebles .................................. 1766 I -1779 IV 
Chatsworth .............................. 1777 I -1793 I11 

Edinl~urgh ............................... 1770 I -1776 IV 

1500 1 -1813 IV 
Liverpool ................................ 1775 I -1792 I\' 

1780 I -1781 I1 
1785 I -1989 IV 

Manchester .............................. 1794 I -1840 I V  
~ s ~ t  ,. r....... ........................... 1817 I -1929 IV 
Grecnwicli ............................... 1515 I -1929 IV 
Spalding ................................. IS89 I -1929 . IV 
St01iyl111~t ............................... 1848 I -1929 IV 
Cliilgrove ................................ 1534 I -1929 I V  

M7hen t l i L  rcrords sho\ved a siitiicient . cliaiige in exposure iiew 
nienns were furllied . 
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1881 ............ 
l S 2  ............ 
WS3.. ......... 
1884 ............ 
18x5.. .......... 
1886.. .......... 
I<%.. .......... 
18F.L .......... 
1859. ........... 
1890 ............ 
1891.. .......... 
1892.. .......... 
1893.. .......... 
1891 ............ 
1895 ............ 
1 R W  ............ 
IhY i  ........... 

114 
Bs 

122 
12s 
67 

101 
84 

11: 
102 
64 

l lS  
82 

132 
93 

107 
79 
92 
5.3 
6.4 
82 
39 

103 
92 

129 
69 
Frl 

1 3 R . .  ...... 
1Si ......... 
13s. ........ 
139.. ....... 
141). ........ 
1 I I ~ .  ....... 

114. .  ....... 
1 1 5 . . ~ ~  ... 
l 4 L .  ...... 
147 ......... 
14s ........ 
149 ......... 
150.. ....... 
1,s.. ....... 
1x2. ........ 
153 ......... 
1 s t  ......... 
L5.5.. ....... 
1.56. ........ 
15i ........ 
I S Y . ~  ....... 
I Y . .  .... 
I l i O . . ~ ~  
161.. ~. 
!E?.. ~~ . 
IK{ . ~ ~ .  
164. ~~ ~ 

16%. ~ ~~ 

16ti. ~ ~ 

142 ......... 
143 ......... 

-. 04s 
-.NE +. 01: 
-.or' 
-. 0li 
-. on1 +. 062 
+ . O K  -. 01: 
+.011 +. O?f +. 1IX 
-.049 
+.OOfi +. 04s 
f. nlYl +. 02.5 +. n2.l 
-.filii 
4-. 006 
-. nc,; 
f .  0111 
--.orI? 
--.OlS 
- . O H  
-t.o::o 
f.027 
-.005 
f.027 +. 0I)B 
f.014 

-1 .  IS +.so 
+.i i  

f2 .43 
f l . 7 2  
-.96 
+ . 6 5  
+. io  
fl.33 
+.OS 
-.43 
+.20 
+.34 
+.03 
-1.14 
-1.49 
-.52 
-_ 12 
+.25 
-.e 

t l . 9 1  
+.47 
- .RB 
- .M 

1-1.76 
-1 .45  
+.65 

+0.83 5 3 ~  ......... -0.061 
-. 16 54 .......... +.019 
- , 20  55 ........ +.OM 
+ . ? I  56...~ ..... - . O M  
- , 1 i  57 ......... -. 112 

-1.88 5S ......... - .I :IR 
-.93 59 .......... --.Ill4 
+.33 60 .......... +.03S 

+1.14 61 .......... -.048 
+ . I 6  62 .......... -.02 
f.92 63 .......... +.OIJY 
+.2i IX ......... --.044 
+.SO 65 .......... +.OM +.I1 
f . 4 6  66 .......... -.010 --.% 
f.86 6i .......... +.011 +.31 

-1 .15  68 .......... +.M4 +.Y3 
+1.01 BY .......... +.031 +.%.I 

-.46 i o  .......... +.OW i-. I2 
+.ti6 i l . . ~  ....... - .U.I l  -1 .11  
+.6l  
-1.64 ,B...~ ...... --.03Y -1.01; 
-.26 i 4 . . . ~ ~  ..... +.02S +.6Y 
+.50 7s .......... f.076 - t ? . O i  
-.OS i l i  .......... -.W9 -1.33 

-1.21; ii .......... f.039 f l . 0 5  

+?.Ol i 9 . . ~  ....... --.OL'lj - , i U  

z F  .......... +.004 I + . I 2  

f.74 7s .......... +.uai j i l . 0 0  

.......... 

s.-. ........ 
a ........... 
i... ........ 
8 ........... 
9 ........... 
10 .......... 
11 .......... 
12 .......... 
13 .......... 
14. ......... 
1s .......... 
16 .......... 
17 .......... 
18. ......... 
19 .......... 
20 .......... 
21 .......... 
22.. ......... 

+. 02.5 
-.06S -. 017 
+.OZ2 
+.OB8 
+.m 
+.021 
+.on 
+.030 +. 015 
+.oo6 
-. ociz +. 032 
-_ 014 
c.025 
+.om 
-.017 

171.. .... -.os4 

171: ..... 
177 ....... 
17s. ........ 
liY . . ~. ~~ 

1M.. ~ ~ . 

+. nsu 
+.OS4 
-. 013 
-. 01il 
-.OOR 

36 .......... 
37 .......... 
3s .......... 
39 .......... 
40 ......... 
41 .......... 
4 2 ~ .  ........ 
4: ) .  ......... 
44.. ........ 
4:)-. ........ 
41;. ......... 
4 i  .......... 
4 q . . . ~ . .  ... 
49.. ........ 
S O . .  ........ 
51 ......... 
52 .......... 

--.061 
+.Oii 
+.026 
+.a31 
-.021 
-.002 
--.0:36 -. 0 3  +. 009 
-. 025 
+.I)% 
-.001 
+.n35 
-t .02? 
-_ 0 3  
+.0Oi 
-.oo8 

+.A 
-.lit 
+.U +. ULI 
- . 3 7  
+ . 5 2  

-.,?I 

+.il 
+.ox 
- . I O  
-1.1.5 
-.9s 
- 2 . x  
t i .  IS 
+.s4 

+.?a 

-1. 8s 
- .UR 

- l . O i  -. ,111 
-.U; 
- . Y 4  
-. 3 
-.;I 

+ 1 . 3  
+l.li 
+.IO 

-1.95 
-.as 
f . 2 7  

+1.1.; 
-1.30 

-.58 
+.SI; 
+ . 4 2  
+.os 
+.96 
- ,OR 
+. io 
+.a 
+.ii  

+.,9 

-1.0; 

+.!4 

- .,a, ._- 

-.34 92 ........ ~ ) - - . 0 1 1  -.30 
-.a9 93 009 - . 2 5  

-1.38 94 .......... -.017 - . 4 5  
- .YO 55 .......... +.W? +.os 
-.26 96 ......... --.037 -1.00 
- . i Y  57 ......... I +.UA2 +1.40 
+.Si 9X ......... f.038 f l . 0 1  
-.SI 9Y .......... f.OO1 +.03 
f .66 IlN ......... -.W5 - 2 . 3  
+.9 101 ......... -.OB3 -.3S 
-1.20 102 ......... --.0313 -,& 
f .35 103 ......... f.061 + l . G 3  
+.39 104 ......... - . M i  1-1.25 

192.. ....... 
19;. ........ 
194.~ ..... 
1!45...~~ ... 
19ti ........ 

-.no9 
-_ 01'2 
+.(I23 
+.015 
+.(Hi 

3 0 . .  ...... 
201 ........ 
312 ...... 
203 ......... 

+. O:i9 +. IJ.50 
--.001 +. 0::; 

TABLE 2.--Eiiglish rninfull datu-Continued 

Quarters QuartPrs 
Entire period 

gram 

rdorr ofinile- 
peni!ent 
parts of 

periorloynrn I V  I -!I -L 
- 

I1 
- 

91 
100 
134 
98 
125 

GI 
103 
132 
X1 
66 
93 
121 
142 
124 

65 
Sf; 

126 
i l  
79 

109 
140 
74 

1 02 
1 al 
100 
94 
74 
36 
92 
2i 

12s 

i i n  

,* 

- 

- 

111 
- 

111 
104 
IO6 
62 
4fi 
56 

118 
I l i  
111 
91 

132 
8U 

112 
113 
1 so 
I21 
126 
121 
9s 
i 4  
B? 
i S  
47 

15.5 
58 
121 
I19 
101 

S i  
121 
107 
65 

110 
- 

- 

I1 
.. 

1 os 
10; 
66 

101 
95 

136 
104 
1 IN 
97 
1'3 
119 
125 
101 
hO 
92 

144 
117 
82 

130 
93 
53 
120 
1x5 
79 

I IJO 
106 
126 
130 
100 
106 
90 
59 

- 

- 

I11 

i l  
62 

101 
S i  
I05 
143 
54 

104 
i l  
RS 
!IS 
113 
1 IO 

5Y 
16:l 

?'? 
106 
107 
1 "I; 

Yfi 
73 
104 
4k 

76 
12s 
i? 
85 

131 
12x 
SS 

lot; 

- 

Lags 
- 

riloi 

- 

-0. 9 
t l .  0 
-1.3 -. 1 
-1.7 +. 1 -. 4 

-_ 3 +. fi 
-. 4 -. 0 

- I . ,  +. fi -. 3 
t1.3 
-. 4 
-. II 

- 1  _ *  

+. g 

t2. a 
. _  - 
. ,  - 

-2. 0 
-2. 0 

-. 9 
-2. !l 

+. 5 
- 1 . 2  
t 1. A 
-1. 2 

+. 3 
-1 .  31 
-. 3 
-. 0 
tl. ti +. ?I 
-. 31 +. 3. +. 5: 
I?. 5' 
-1.2 +. I f  
tl. 21 

t i . 0  

- .> ... 

- .1 . -, 

+. I t  
-. I' +. i i  -. 11: 
-. 4F 
- 1 . 1 3  
f. 7;  
f. fi9 -. 1 
f. 6 
f. (I 
f. 4s 
-. 31 
-. 19 
-1.3s 
-. 01 
-1.3: 
f .  "2 
t. I9 
-1.31 
-1.02 
t . 7 I  
t. si 
-_ 31 
-1. 6:? 
-_ 24 
-_ Ili 
1. 10 
t. 1.5 
-. 12 
t. 53 
-. r.? 
t. ti0 
-1.51 
- 1 . 3  
t. 24 
-1. 19 
- "3 
I .  0; 

-2. u;; 
t. 35 
-1. 16 
2.0; 
t. !IO 
.?. 1.5 
t. os 
-1.22 -. 0 2  
.t. 57 

. -. 

~ 

P::rt 
D 

~ 

10. sti +. 75 -. I8 -. 91 
-1. 6s -. 12 
-. 60 
-. 2s 
-. i9 +. 33 -. 4.5 
c. 05 +. 13 

tl. f l t i  
-. 21; 
tl. 79 
-. 14 +. k l  
t l .  il 
-1 .  13 
-. 10 
-1. 75 
-1. nl  +. 5s +. 6!l 
-1.011 +. 83 
-. 06 -. s1 
t l .  65 
-1.24 
-. :jo +. 36 
- _ s i  
+..In 
-. 10 
-. ?A +. 81 -. 55 +. $6 +. 33 
-1.15 
-. 31 +. 72 
-1. 25 
f. !lo -. 31 
f. 05 
-. 69 
-.oh 
-.84 1 

t. ifi 
t. 83 
-. RS 
I .  2.5 
t. fi!l 
;- Y 1  - .,,I 
t. Jn 
t. 66 
t. 44 
c. 69 

1. 03 
t. 11 
I .  5s 
t. 63 
-. 35 
I .  OR 
t. 53 
1. 76 
I-. 4ti 
-. 15 

- .20 , 
-_  60 
-_ I:5 
-_ 78 
I-. i Y  
r. 0.5 

-.os 
1. 2 i  
1.42 
-. 15 
-. 9s 
1. IS 
-_  60 
1. PO -. 90 
1. ti9 
-. 9s 

-- 
. I ,  

- 

. _. 

- o i  

1.61 I 

. 9.7 . .II 

-_ - I ,  

-:Rs 
1. $9 i 

o n 1  

2. 19 

Par t  1 Par t  
I I B i 9  

116 
151 
94 
9s 

103 
126 
69 

11s 
70 
us 
60 

147 
97 
140 

h2 
1 i? 
163 

90 
186 
11s 
h3 

116 
111) 
HO 
139 
133 
94 

113 
71 

1 os 

_- 
,i 

-i- 6.5 
91 

101 

113 
143 
123 
9Y 

64 
14!3 
9s 

1% 
62 

12s 
101 
99 
81 
SO 
E3 

114 
100 
93 

101 

in1 

130 I 

.......... I 1902.. 
l5O3.. .......... 
1904 ............ 
1905.. .......... 
1906.. .......... 
1907.. ......... 

........... 
1909.. .......... 
1910.. .......... 
1911 ............ 
1912 ............ 
1913.. .......... 
IY14. ........... 
1915. ........... 
1916 ............ 
1917.. .......... 
1918 ............ 
191!1..-. ........ 
1920 ............ 
1921. ........... 
1922.. .......... 
19% ........... 
1924.. .......... 
192s ........... 
1w.. .......... 
lU2i ........... 
192s.. .......... 
1929.. .......... 

T 1ar.E 3.--C'orrclaliori periodogta v i  of Etigliuh r u i ~ ~ j ' a l l  

rrlsrl of inde- 

per iodogram 

pendent Ei?tire ~ieriollt 
parts of gril1ll 

Entire periodc 
gram 

__ 

rdorl 

~ 

+O. 15  +. 2s +. 21 
+ I .  37 
e. r& 

-1.94 
-_ 49 +. fi4 

+I. 65 +. l i  +. 57 +. 35 +. 86 +. 43 +. 18 
-1.78 +. 61 -. 41 
+.io +. 1" -. 48 +. 01 .oo 
-. 39 

-. 08 
f?. o i  +. 28 
-. i5 
-1.23 +. 42 
-1.20 +. 43 
-1.U 
tl. 19 
-1.44 
t2.15 +. i3 
+.xi -. 59 
-.or, -. Y9 
- . i s  +. 2s 
-_io 
+.til 
-. 03 +. 96 +. i 9  -. 65 +. 1!1 
-.?I 

- 1.) . -- 

- 

P:irt 
I3 

Part  
A 

I . .  ........ .I+O. 00: 
2 ........... +.oos 
3.. ......... +. 007 
4 ........... +.049 

-1.69 +. n3 +. l i  
- 1 .  ti2 
-3. (J9 
-. 43 -. 3s +. Y i  
-1.33 -. 59 
+.?I  
-1.20 

-1.61 
-_ 32 +. 4s 
-1.21 
-2.9fi 
4.. :r? +. "2 

+ I .  "0 
- 1 . Y i  +. Y3 

-.Ol 
-. 8s 
-. 44 +. 39 +. iti +. ;i +. 92 +. I6 
-1.13 +. 154 +. 9fi 
t l .  16 
t 2 . 5 0  -. 69 
t l .  i 4  +. 09 
-. 32 

-1.07 +. 2% 
-. 42 

-1.01 
+.SI 
-. 0; 

-1 .  23 
-1. b3 
-.so 
-. 9; 
+. 40 -. 31; 

-1.24 +. E4 
-.hi +. 3!1 
- , :,5 
-_ 10 +. 61 +. 4? 
+.os 
-. 6lJ 
-. 2,; 

-l.hlJ +. I0 
c. xs 

-1.13 +. I.; 
t l .  10 
-. 63 +. 30 +. is 
t L 6 S  
-_ os 

30.. ........ I -. 044 
31 .......... 1 +.01S 

33 ......... +.OIS 
34 ......... - . O M  
35 .......... f.013 

32.. ........I -. 013 
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TABLE 3.-Correlaiion periodogram of English rainfnll-Continued TABLE 3.-Correlalion periodogram of English rainfall-Continued 

rI/urr of inde- 
pendent 
parts of 

periodogram 
- 

Hntire periodo 
grain 

Ent i re  periodo 

L a p  
I 

Lags l- P a r t  
A A  

__- 
tO.98 
+.60 
-.Bo 
-1.21 
-.21 

-1.23 
+.77 
-2.07 
+.zO 
+.31 
+.3u 
-1.86 

I 
P a r t  

+1.52 
+.a 
-.12 
+.58 
+.62 

+1.38 
+.74 
-.O? 
+.I3 +.a 

f l . 37  
+.70 

Pa r t  
A B  

__- 
-1.58 
+.46 
+.42 

-1.26 
- .a3 
--.I33 
+.BO 

-1.82 
-.92 

-1.31 
+.51 

-1.54 
-.70 

-1.48 +. (w -. 03 +. 31 
-. 20 -. 03 -. 60 +. 63 -. 45 -. 17 -. 15 

-2.01 +. 78 

Pa r t  

-0.98 
fl.58 
+.30 

4-1.26 
-1.11 
-.50 

-1.02 
+.04 
-.63 
-.@I 

+1.30 
+.55 
+.55 

~ 

3’29 _ _ _ _ _ _ _ _ _ _  
330 .________ 
331 _ _ _ _ _ _ _ _ _  
332 _ _ _ _ _ _ _ _ _  
333 ___.____. 
331 ___.___.. 
335 ___.____. 

337.. -_-.___ 
338 .________ 
339---.----. 
340 _____.__. 

336 ___._____ 

- 
Par t  

A 
~~ 

-0.014 -0.30 
+ . O i l  +1.55 
-.035 - .76 
-.057 -1.25 
+.OS4 +l. 19 
+.W; +.I5 
-.0?3 -. 50 + . n z  +.55 
-.022 -.48 
+.lo9 4-2.37 
+.as0 + 1 . 3  
-.OO? -.04 

to. 39 +. 77 -. 28 +. fii -. 69 
-_ 19 +. 66 -. 95 +. 28 -. 81 +. 34 
-1.72 
tl. 21 

fO.36 
+1.38 

f . 07  
-.go 
+ . i 3  

-1.24 
+.32 

+ l . 3  
-1.05 
+1.41 
+.48 
-.9S 

-2.18 -. 56 +. 18 -. 14 +. 29 +. 12 
-1.28 
tl. SF -. 80 +. 43 -. 47 
-1.18 +. 02 

-0.67 341 ________. +0.066 
+.S7 342 ___..___. +.M2 

-1.03 343 ..__..___ --.022 
- .88 344 .._...___ -.OM 
f .93 345 .._____.. +.016 

+1.21 316 .____._.. +.012 
-.Y1 347 .________ +.045 
-.37 34’3 ______-.. -.063 
+.25 349 ._.___-__ +.011 

+1.90 350 _ _ _ _ _ _ _ _ _  +.OlS 
+LSS 351 .._..___. +.W1 
f .77  352 ____.___. -.032 

I -0.080 -1.78 
+.a9 +1.53 
+.022 +.50 
+.009 +.19 
-.045 -1.00 
--.03fi -.SO 
--.013 -.30 
-.051 -1.12 
-.M9 -1.OR 
-.059 -1.31 
+.a1 +1.34 
- . o s  -.55 
-.001 -.15 

303 __..____. 
304 __.______ 
305 _ _ _ _ _ _ _ _ _  
306 _______._ 
307 ..____.__ 
308 .________ 
309.- 
310 .._.____. 
311-. __..__. 
312 _ _ _ _ _ _ _ _ _  
313 _ _ _ _ _ _ _ _ _  
314. ___.____ 
315 _ _ _ _ _ _ _ _ _  

.Jurr of inde- rilrrr of inde- 
pendent Eu t i r e  periodo 
parts of par ts  of 

periodograni Lags 

-am 
+.m 
-.00z +. 014 
-.009 
-.001 -. 027 +. 028 -. 020 
-.W4 
-.007 -. 090 +. 035 

Period 

1826-49, 24 years ___._.._...__........ 
1S50-76. 27 years. __.___._._.......... 
18;;-1903, 2 i  years. __......._..__.... 
lW-Z’Y, 26 years ___._....._.......... 

I 

New Bed- Boston, Waltham, Lowell, 
ford, Msss. Mass. Mass. Mass. 

47.21 42.00 41.13 39.46 
46.73 53.18 43.00 45. i 3  
4i. 79 45.52 44.40 45.95 
44.23 40.32 40. U 41.43 

-I I ll I-- 

1 
tl. 86 +. 91 -. 47 -. 34 +. 34 +. 33 +. 98 
-1.36 +. 3 +. 39 
4-1.30 -. 69 

SIGNIFICANT CHANGES IN THE RAINFALL AT SOME LOCALITIES 
By DEAN A. PACK 

INTRODUCTION 

These data are presented to support the generally 
prevalent, though many times questioned, belief in 
weather recurrenc,es and w-eather cycles. No attempt’ 
has been made to establish any direct or indirect relation 
between precipitation and sun-spot cycles or any other 
kind of periodic variation. However, an effort has been 
macle to show that prec.ipitat,ion c.ycles do exist, and t,hat 
the precipit,ation for many different localities show 
signific.nnt changes from period to period. 

SUMAIART 

These points have been si1pporte.d by the calculation 
of cycles for several precipitttlion records, and by showing 
that the differences in the amount of rainfall during the 
maximum and during the minimum periods for these 
re,cords could not be due to chance alone. 

A cycle or trend for each precipitation rec,ord was 
calculated and the curve plotted, so that the periods of 
high or low average rainfall could be located. This was 
done for the annual precipitation rec.ords of 41 stat,ions 
in the United States and 12 stations in other parts of the 
world. The crests and troughs of these curves indicated 
periods of maximum or high average and periods of 
miniiiiuiii or low average rainfall for each station, 
respectively. The annual precipitation during the peri- 
ods of maximum rain fall were compared statisticallp 
with the annual precipitation during the periods of 
mininium rainfall for each station. The results show 
that the precipitation for each station passes through a 
partic.ular cycle during which time it varies by significant 
amounts. As a result there are significant maximum 
and minimum periods. 

The annual precipitation during successive ma.\ini:t 
periods and minima periods were also statistically coni- 
pared. No significant difl’crenc.e of average annunl 
precipitation was found between successjve nittsinia 
periods or between suc.cessive minima periods for any 
particular station. While this indicates that successive 
cydes may have about the sanie amplitude, no definite 
conchsion is possible because our weather records tire 
too short. 

HISTORICAL 

Sir Richard Gregory’s (6) address before the Royal 
h,Ieteorological Society will be found of interest AS a 

review of the present opinion on weat)lier cycles and of 
t,he more recent literature. In  1915 Goodnough (3) 
pointed out that the rninfall for various localities in New 
England changed from time to time. In  1930 he (4) pres- 
ented the following table 1 which is self-explanatory 
and which is reprinted here by permission of the New 
Englnnd Water Works Association. 

T A B L E  1.--duerage annual rainfull by periods (inches) 

1826-1929. 104 yenrs. - __.. ...... I 46.49 I 45.40 I 42.24 1 43.26 

Marvin (7) in an article entitled “Concerning Normals, 
Secular Trends niid Climntic Changes ’ I  discussed the 
precipitation changes for Boston vicinity froin 1755 on. 
Powell (8) presented a method for finding long period 
cycles and showed thnt a cosine curve fits the Boston 
precipitntion tlnta much closer than straight line trends. 

SOURCES O F  MATERIAL 

The data used for these calculations were taken froin 
the records of the United States Weather Bureau, the 
New England Water Works Associntion, the Smithso- 
nian Institution (l) ,  and the h1eteorologic:il Service of 
Can:dn. 

INVESTIGATION 

The Gouterenu ( 5 )  Ratio was applied to several annual 
precipitation records, with a result that the data indicated 
the presence of :L cycle. 

In  order to select per ids  from the annual precipitation 
records thnt had a high or low areriigc annual precipitn- 
tion, cycles were calculated and curves drawn for the 
precipitation record of each station. These cycles were 
calculated by the least squares method or by nioving 
averages. The lenzt square method wns used only on 
parts of long records that could be represented by more 
simple curves. From these curves, it  wxs an easy matter 
to select from the records periods having either il high 
n r  n low average annual precipit.rtion. 


